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(54) RF-drlven semiconductor device 

(57) An RF-driven semiconductor chip is die- 
bonded to the top face of a metal plate. The semicon- 
ductor chip and the metal plate are molded together 
with outer leads in a plastic package in the form of a rec- 
tangular parallelepiped. The metal plate is exposed at 
the back face of the plastic package. The metal plate is 
not protruding from the front and rear side faces of the 
plastic package. The front and rear side faces of the 
metal plate are flush with the front and rear side faces of 
the plastic package and partially exposed at the front 
and rear side faces of the plastic package. The front and 
rear portions of the plastic package are centrally formed 
with respective cutaway portions each in the form of a 
rectangular parallelepiped. The top face of the metal 
plate is exposed in the cutaway portions formed cen- 
trally in the front and rear portions of the plastic package 
to form solder portions. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to RF-driven semi- 
conductor devices and, more particularly, to an RF- 
driven semiconductor device comprising an RF-driven 
semiconductor chip, a metal plate having the semicon- 
ductor chip die-bonded thereto, and outer leads electri- 
cally connected to the signal electrode of the 
semiconductor chip via bonding wires, all of which are 
packaged with a mold resin. 

At present, an RF-driven semiconductor device 
wherein a semiconductor chip, a metal plate having the 
semiconductor chip die-bonded thereto, and outer leads 
electrically connected to the signal electrode of the 
semiconductor chip are molded in a resin is the most 
prevalent because of its cost efficiency and excellent 
manufacturability. 

Conventionally, the RF-driven semiconductor 
device composed of a plastic mold package has been 
used in such a device as a television set, a video 
recorder, or a personal computer which operates at a 
frequency, at most, of 200 MHz or less. 

However, since RF power ranging in frequency from 
1 to 2 GHz has been used in terminal equipment for 
recent mobile communication, provisions should be 
made for high frequencies in an RF-driven semiconduc- 
tor device to be mounted on such terminal equipment. 
The difference in operating frequency between several 
hundreds of megahertz and several gigohertz exerts 
two major influences upon the RF-driven semiconductor 
device: increased inductance that should be reduced by 
providing a minimum path for the ground potential and a 
drastic change in impedance caused by increased 
capacitance and inductance due to the outer leads pro- 
truding outwardly from the plastic package. 

Because miniaturization and weight reduction are 
required of the terminal equipment for mobile communi- 
cation which employs RF power, miniaturization and 
weight reduction are also required of the RF-driven 
semiconductor device to be mounted on the terminal 
equipment. In addition, higher integration of functions is 
required of the RF-driven semiconductor device. 

Higher integration of functions may be achieved by 
a first method wherein increasing miniaturization is pur- 
sued as in recent silicon LSIs or by a second method 
wherein a plurality of semiconductor chips having differ- 
ent functions and manufactured by different processes 
are molded in a single plastic package for the achieve- 
ment of a higher packaging efficiency than is achievable 
in the case of molding the semiconductor chips in indi- 
vidual plastic packages. 

In accordance with the second method, higher inte- 
gration of functions and further miniaturization are 
achieved in the terminal equipment for mobile communi- 
cation than in the case where a plurality of semiconduc- 
tor chips are molded in individual plastic packages. By 


thus molding the plurality of semiconductor chips in the 
single plastic package, the plurality of semiconductor 
chip manufactured by different processes are enabled 
to function as a single RF-driven semiconductor device. 
5 For example, there has been proposed the technology 
for molding, in a single package, a modulator IC formed 
on a silicon substrate and a MOSFET for amplifying RF 
power formed on a compound semiconductor, each 
used in the terminal equipment for mobile communica- 
te tion. 

Referring now to FIGS. 17(a) to 17(d), a semicon- 
ductor device according to a first conventional embodi- 
ment will be described. FIGS. 17(a) to 17(d) show the 
semiconductor device having an RF-driven semicon- 

15 ductor chip, of which FIG. 17(a) is a plan view, FIG. 
1 7(b) is a cross-sectional view taken along the line XVII- 
XVII of FIG. 17(a), FIG. 17(c) is a front view, and FIG. 
1 7(d) is a bottom view. 

As shown in the drawings, the RF-driven semicon- 

20 ductor chip (not shown) is die-bonded to the top face of 
a metal plate 100 separated from a lead frame. The 
metal plate 1 00 and the semiconductor chip are molded 
together with outer leads 101 for connection with an 
external electrode, which are also separated from the 

25 lead frame, in a plastic package 1 02 in the form of a flat 
rectangular parallelepiped. The signal electrode of the 
semiconductor chip is electrically connected to the 
outer loads 101 via bonding wires or the like, though the 
drawing thereof is omitted here. In this case, the outer 

30 leads 101 are protruding outwardly from the pair of 
opposed side faces of the plastic package 102. On the 
other hand, the metal plate 100 are protruding from the 
front and rear side faces of the plastic package 102, 
while having projections 100a bending over to the back 

35 face of the plastic package 1 02. The projections 1 00a of 
the metal plate 100 are connected to the ground pattern 
of a printed circuit board (not shown) for grounding. 
Countermeasures have thus been taken against 
increased inductance in the semiconductor device 

40 according to the first conventional embodiment. 

Referring next to FIGS. 18(a) to 18(d), a semicon- 
ductor device according to a second conventional 
embodiment will be described. FIGS. 18(a) to 18(d) 
show the semiconductor device having an RF-driven 

45 semiconductor chip, of which FIG. 18(a) is a plan view, 
FIG. 18(b) is a side view, FIG. 18(c) is a front view, and 
FIG. 18(d) is a bottom view. In the second conventional 
embodiment, the description of the same components 
as used in the first conventional embodiment will be 

so omitted by providing the same reference numerals. The 
second conventional embodiment is different from the 
first conventional embodiment in that the metal plate. 
100 has the front, rear,, right, and left side laces thor- 
oughly covered with a plastic package 102, except for 

55 the center of the back face thereof, which is uncovered 
with the plastic package 102 to be connected, by solder- 
ing to the ground pattern of the printed circuit board. 
Thus, countermeasures have also been taken against 
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higher inductance in the semiconductor device accord- 
ing to the second conventional embodiment. 

Referring next to FIGS. 19(a) and 19(b), a semicon- 
ductor device according to a third conventional embodi- 
ment will be described. FIGS. 1 9(a) and 1 9(b) show the 5 
semiconductor device having a semiconductor chip 
driven with low-frequency power, of which FIG. 19(a) is 
a plan view and FIG. 19(b) is a side view. Since the 
semiconductor device according to the third conven- 
tional embodiment is driven with low-frequency power, it 10 
falls into a technical category different from the techni- 
cal category into which the RF-driven semiconductor 
device according to the present invention falls. However, 
the description will be given to the semiconductor 
device according to the third conventional embodiment 15 
because of some common components used in both of 
the semiconductor devices. 

As shown in the drawings, the semiconductor chip 
(not shown) is die-bonded to the top face of a metal 
plate 100 separated from a lead frame. The metal plate 20 

100 and the semiconductor chip are molded in a plastic 
package 102 together with outer leads 101 for connec- 
tion with an external electrode, which are also sepa- 
rated from the lead frame. The signal electrode of the 
semiconductor chip is electrically connected to the 25 
outer leads 101 via bonding wires or the like, though the 
drawing thereof is omitted here. The third conventional 
embodiment is characterized in that the outer leads 101 

are protruding only from the front side face of the plastic 
package 102. The both edge portions of the rear side 30 
face of the plastic package 102 are partially cut away so 
that the metal plate 100 is exposed at the top surface 
through the cutaway portions 102a. The exposed por- 
tions of the metal plate 100 are formed with respective 
holes 100c. The metal plate 100 and hence the semi- 35 
conductor device according to the third conventional 
embodiment are fastened to the printed circuit board 
with screws inserted into the holes 100c. 

Referring next to FIGS. 20(a) and 20(b), a semicon- 
ductor device according to a fourth conventional 40 
embodiment will be described. FIGS. 20(a) and 20(b) 
show the semiconductor device having a plurality of, 
e.g., two RF-driven semiconductor chips, of which FIG. 
20(a) is a plan view and FIG. 20(b) is a cross-sectional 
view taken along the line XX-XX of FIG. 20(a). 45 

As shown in the drawings, first and second RF- 
driven semiconductor chips 105 and 106 are die- 
bonded to the top face of a metal plate 100 separated 
from a lead frame. The metal plate 100 and the first and 
second semiconductor chips 105 and 106 are molded so 
together with outer leads 101 for connection with an 
external electrode, which are also separated from the 
lead frame, in a plastic package 102 in the form of a flat 
rectangular parallelepiped. The respective signal elec- 
trodes of the first and second semiconductor chips 1 05 ss 
and 106 are electrically connected to the outer leads 

101 via bonding wires or the like, though the drawing 
thereof is omitted here. In this case, the outer leads 1 01 


4 

are protruding outwardly from the front and rear side 
faces of the plastic package 102. On the other hand, the 
metal plate 100 is protruding from the right and left side 
faces of the plastic package 102. The first and second 
semiconductor chips 105 and 1 06 are die-bonded to the 
top face of the metal plate 100, while projections 100a 
of the metal plate 100 are connected to the ground pat- 
tern of a printed circuit board (not shown) for grounding. 
Thus, countermeasures have also been taken against 
higher inductance and provisions have been made for 
the achievement of higher integration of functions in the 
package for RF semiconductor according to the fourth 
conventional embodiment. 

In the semiconductor device according to the first 
conventional embodiment shown in FIGS. 17(a) to 
17(d), grounding for RF power has been achieved by 
the projections 100a of the metal plate 100 protruding 
from the plastic package 102 and bending over to the 
back face thereof, while the package has not been min- 
iaturized satisfactorily. Since each of the projections 
100a is normally required to have a length of about 1 
mm, the projections 100a on both sides increase the 
size of the package by about 2 mm in total. If the metal 
plate 100 is provided with the projections having the 
total length of 2 mm, the length of the plastic package 
102 having an original length of about 5 to 6 mm. will be 
increased substantially by about 40%. The scaling up of 
the semiconductor device is incompatible with the 
trends toward further miniaturized terminal equipment 
for mobile communication. Hence, the implementation 
of an IC having maximum functions and occupying a 
minimum area has been demanded strongly for minia- 
turized terminal equipment. 

In the semiconductor device according to the sec- 
ond conventional embodiment shown in FIGS. 1 8(a) to 
18(d), grounding for RF power has been achieved by 
the metal plate 100 exposed at the center of the back 
face of the plastic package 102 and the substantial 
increase in the length of the plastic package 1 02 can be 
avoided. However, since the metal plate 100 is soldered 
to the printed circuit board only at the center of the back 
face thereof, it is difficult to verify from the outside that 
the metal plate 100 is soldered after the mounting of the 
semiconductor device onto the printed circuit board. As 
a result, the process may proceed to the subsequent 
step with the metal plate 100 deficiently soldered to the 
printed circuit board, which leads to a rejection in the 
final conduction test on account of faulty operation. 
Thus, although the plastic package 1 02 can be miniatur- 
ized in the second conventional embodiment, the yield 
of the device is lowered disadvantageous^. 

In the semiconductor device according to the third 
conventional embodiment shown in FIGS. 19(a) and 
19(b), the outer leads 101 are protruding from the front 
side face of the plastic package 102 and the metal plate 
100 is fastened to the printed circuit board at the both 
edge portions of the rear side face thereof with small 
screws. Therefore, the third conventional embodiment is 
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not applicable to a semiconductor device in which a 
larger number of outer leads are protruding from a 
small -sized plastic package such as the RF-driven sem- 
iconductor device for use in the terminal equipment for 
mobile communication. 5 

The semiconductor device according to the fourth 
conventional embodiment shown in FIGS. 20(a) and 
20(b) has the following problem. In die-bonding the first 
and second semiconductor chips 105 and 106 to the 
metal plate 100, the semiconductor chips are pressed 10 
against the metal plate 100 with a bonding material 
such as a gold-silicon alloy, gold-lead alloy, or silver 
paste attached to the back faces of the semiconductor 
chips and the bonding material attached to that one of 
the first and second semiconductor chips 105 and 106 is 
die-bonded earlier is pushed out of the back side of the 
semiconductor chip and spreads extensively on the top 
face of the metal plate 100. The bonding material on the 
metal plate 100 further spreads out to the region to 
which the other of the first and second semiconductor 20 
chips 105 and 106 is to be die-bonded later. This pre- 
vents the semiconductor chip die-bonded later from 
being placed in parallel with the top surface of the metal 
plate 100, resulting in unsatisfactory wire bonding 
between the signal electrode of the semiconductor chip 25 
and the outer leads. Although the foregoing problem 
may be solved by increasing the spacing w between the 
first and semiconductor chips 105 and 106, the size of 
the plastic package 102 is also increased disadvanta- 
geously. Specifically, it is necessary to adjust the spac- 30 
ing w between the first and second semiconductor chips 
1 05 and 1 06 to be equal to or more than 0.6 mm in order 
to prevent the bonding material applied to the semicon- 
ductor chip die-bonded earlier from spreading out to the 
region to which the other semiconductor chip is to be 35 
die-bonded later. However, a spacing of 0.6 mm or more 
may not be provided between the first and second sem- 
iconductor chips 105 and 106 in the RF-driven semicon- 
ductor device in which a plurality of semiconductor 
chips are die-bonded to a single metal plate for the min- 40 
iaturization of the plastic package 102. 

As described above, the semiconductor devices 
according to the first, third, and fourth conventional 
embodiments are disadvantageous in terms of miniatur- 
izing the plastic packages, while the semiconductor 45 
device according to the second conventional embodi- 
ment is disadvantageous in terms of reliability and yield. 


SUMMARY OF THE INVENTION 


so 


It is therefore an object of the present invention to 
miniaturize a plastic package for an RF-driven semicon- 
ductor device and improve the reliability and yield of the 
semiconductor device. 

A first RF-driven semiconductor device according 55 
to the present invention is mounted on a printed circuit 
board having a ground pattern and comprises: an RF- 
driven semiconductor chip; a metal plate having the 


semiconductor chip die-bonded to a top face thereof; a 
plastic package in the shape of a rectangular parallele- 
piped having the semiconductor chip and the metal 
plate molded therein, the metal plate having an exposed 
back face and not protruding from the periphery of the 
plastic package; outer leads protruding outwardly from 
a side face of the plastic package and electrically con- 
nected to a signal electrode of the semiconductor chip; 
and a solder portion composed of an edge portion of the 
top face of the metal plate exposed through a cutaway 
portion formed in an edge portion of the plastic pack- 
age, the solder portion being soldered to the ground 
pattern of the printed circuit board. 

Since the first RF-driven semiconductor device 
comprises the solder portions composed of the top face 
of the metal plate exposed through the cutaway portions 
formed in the edge portions of the plastic package, the 
solder portions can reliably be bonded to the ground 
pattern of the printed circuit board, while the solder can 
be inspected from above by visual inspection or by 
means of a television camera. Consequently, the metal 
plate can reliably be bonded by soldering to the printed 
circuit board without protruding from the plastic pack- 
age, which implements a miniaturized plastic package 
as well as a device with improved reliability and yield. 

In the first RF-driven semiconductor device; if the 
outer leads are protruding outwardly from a pair of 
opposed side faces of the plastic package, there can be 
implemented a miniaturized RF-driven semiconductor 
device having the outer leads protruding from the pair of 
opposed side faces. 

In the RF<lriven semiconductor device having the 
outer leads protruding from the pair of opposed side 
faces, the solder portions are preferably composed of a 
pair of opposed edge portions of the top face of the 
metal plate, the pair of opposed edge portions being 
uncovered with the plastic package and corresponding 
to the other pair of opposed side faces of the plastic 
package unprovided with the outer leads. 

In the arrangement, the metal plate is soldered to 
the ground pattern of the printed circuit board at the 
other pair of opposed side faces thereof, which further 
ensures bonding of the RF-driven semiconductor 
device to the printed circuit board. 

In the RF-driven semiconductor device having the 
outer leads protruding from the pair of opposed side 
faces, the metal plate preferably has on exposed portion 
uncovered with the plastic package at the back face 
thereof, the exposed portion extending continuously 
between a pair of opposed side faces of the metal plate 
corresponding to the pair of opposed side faces of the 
plastic package unprovided with the outer leads, the 
exposed portion and the solder portions each uncov- 
ered with the plastic package being contiguous to each 
other via the pair of opposed side faces of the metal 
plate. 

In the arrangement, the metal plate is reliably 
bonded to the ground pattern of the printed circuit board 
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at the solder portions, side faces, and entire exposed 
portion thereof, which further ensures the bonding of 
the RF-driven semiconductor device to the printed cir- 
cuit board. 

In this case, the RF-driven semiconductor device s 
preferably further comprises a covering member com- 
posed of a material having an excellent affinity for a sol- 
der material, the covering member covering the 
exposed portion of the metal plate uncovered with the 
plastic package. The arrangement ensures the spread- 10 
ing of the solder material in the wet state over the solder 
portions, side faces, and exposed portion of the metal 
plate and thereby increases the strength of bonding 
between the metal plate and the ground pattern. 

The RF-driven semiconductor device having the is 
outer leads protruding from the pair of side faces prefer- 
ably further comprises respective detachment prevent- 
ing elements provided on a pair of opposed side faces 
of the metal plate corresponding to the pair of opposed 
side faces of the plastic package provided with the outer 20 
leads, the detachment preventing elements preventing 
the metal plate from being detached from the plastic 
package. 

The arrangement prevents the metal plate from 
being detached from the plastic package even when a 25 
large tractive force or an external pressure is applied to 
the metal plate. 

In this case, the detachment preventing elements 
are preferably composed of bending portions bending 
inside the plastic package. In the arrangement, the 30 
bending portion is engaged with the plastic package 
when a tractive force or an external pressure is applied 
to the metal plate, so that the metal plate is surely pre- 
vented from being detached from the plastic package. 

In this case, the detachment preventing elements 35 
formed on the side faces of the metal plate are prefera- 
bly composed of sloped faces downwardly tapered in 
cross section toward the back face of the metal plate. In 
the arrangement, the sloped faces downwardly tapered 
in cross section are engaged with the plastic package 40 
when a tractive force or an external pressure is applied 
to the metal plate, so that the metal plate is surely pre- 
vented from being detached from the plastic package. 

In the first RF-driven semiconductor device, outer 
leads are preferably protruding outwardly from the four 45 
side faces of the plastic package and the solder portion 
is preferably provided on at least one corner of the top 
face of the metal plate. The arrangement implements a 
miniaturized RF-driven semiconductor device having 
the outer leads protruding from the four side faces so 
thereof. 

In the first RF-driven semiconductor device, the 
outer leads are preferably protruding outwardly from the 
four side faces of the plastic package and the solder 
portion is preferably provided on each of the four cor- 55 
ners of the top face of the metal plate. In the arrange- 
ment, the metal plate is soldered to the ground pattern 
of the printed circuit board at the four corners thereof, 


which further ensures the bonding of the RF-driven 
semiconductor device to the printed circuit board. 

A second RF-driven semiconductor device accord- 
ing to the present invention comprises: an RF-driven 
semiconductor chip; a metal plate having the semicon- 
ductor chip die-bonded thereto via a bonding material 
supplied to a back face of the semiconductor chip; a 
plastic package having the semiconductor chip and the 
metal plate molded therein; outer leads protruding out- 
wardly from a side face of the plastic package and elec- 
trically connected to a signal electrode of the 
semiconductor, chip; and a recessed portion formed in 
the periphery of a region of the metal plate to which the 
semiconductor chip is to be die-bonded, the recessed 
portion accommodating the bonding material pushed 
out of the back side of the semiconductor chip. 

In the second RF-driven semiconductor device, the 
metal plate is provided with the recessed portion formed 
in the area surrounding the region to which the semi- 
conductor chip is to be die-bonded such that the bond- 
ing material pushed out of the back side of the 
semiconductor chip is accommodated in the recessed 
portion. Accordingly, even when the bonding material is 
supplied in an amount sufficient to be pushed out of the 
back side of the semiconductor chip, it is accommo- 
dated in the recessed portion and less likely to spread 
out of the die-bonding region. Hence, it is unnecessary 
to provide a marginal region around the die-bonding 
region of the metal plate, which implements a miniatur- 
ized plastic package and a miniaturized RF-driven sem- 
iconductor device. 

A third RF-driven semiconductor device according 
to the present invention comprises: an RF-driven semi- 
conductor chip a metal plate having the semiconductor 
chip die-bonded thereto via a bonding material supplied 
to a back face of the semiconductor chip; a plastic pack- 
age having the semiconductor chip and the metal plate 
molded therein; outer leads protruding outwardly from a 
side face of the plastic package and electrically con-, 
nected to a signal electrode of the semiconductor chip; 
and a projecting portion formed on the periphery of a 
region of the metal plate to which the semiconductor 
chip is to be die-bonded, the projecting portion prevent- 
ing the bonding material pushed out of the back side of 
the semiconductor chip from flowing. 

In the third embodiment, the metal plate is provided 
with a projecting portion formed in the area surrounding 
the region to which the semiconductor chip is to be die- 
bonded such that the bonding material pushed out of 
the back side of the semiconductor chip is prevented 
from flowing. Accordingly, even when the bonding mate- 
rial is supplied in an amount sufficient to be pushed out 
of the back side of the semiconductor chip, it is pre- 
vented by the projecting portion from flowing and 
spreading out of the die-bonding region. Hence, it is 
unnecessary to provide a marginal region around the 
die-bonding region of the metal plate, which implements 
a miniaturized plastic package and a miniaturized RF- 
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driven semiconductor device. 

A fourth RF-driven semiconductor device according 
to the present invention comprises: an RF-driven semi- 
conductor chip a metal plate having the semiconductor 
chip die-bonded thereto via a bonding material supplied 
to a back face of the semiconductor chip; a plastic pack- 
age having the semiconductor chip and the metal plate 
molded therein; outer leads protruding outwardly from a 
side face of the plastic package and electrically con- 
nected to a signal electrode of the semiconductor chip; 
and a recessed portion formed in the metal plate, the 
recessed portion having a plan configuration slightly 
larger in size than a plan configuration of the semicon- 
ductor chip, the semiconductor chip being die-bonded 
to a bottom face of the recessed portion formed in the 
metal plate. 

In the fourth RF-driven semiconductor device, the 
metal plate is formed with the recessed portion having 
the plan configuration slightly larger in size than the plan 
configuration of the semiconductor chip such that the 
semiconductor chip is die-bonded to the bottom face of 
the recessed portion formed in the metal plate. Accord- 
ingly, even when the bonding material is supplied in an 
amount sufficient to be pushed out of the back side of 
the semiconductor chip, it is prevented from flowing. 
Hence, it is unnecessary to provide a marginal region 
around the die-bonding region of the metal plate, which 
implements a miniaturized plastic package and a minia- 
turized RF-driven semiconductor device. 

A fifth RF-driven semiconductor device according 
to the present invention comprises: an RF-driven semi- 
conductor chip a metal plate having the semiconductor 
chip die-bonded thereto via a bonding material supplied 
to a back face of the semiconductor chip; a plastic pack- 
age having the semiconductor chip and the metal plate 
molded therein; outer leads protruding outwardly from a 
side face of the plastic package and electrically con- 
nected to a signal electrode of the semiconductor chip; 
and a projecting portion formed on the metal plate, the 
projecting portion having a plan configuration slightly 
larger in size than a plan configuration of the semicon- 
ductor chip, the semiconductor chip being die-bonded 
to a top face of the projecting portion formed on the 
metal plate. 

In the fifth RF-driven semiconductor device, the 
metal plate is formed with the projecting portion having 
the plan configuration slightly larger in size than the plan 
configuration of the semiconductor chip such that the 
semiconductor chip is die-bonded to the top face of the 
projecting portion formed on the metal plate. Accord- 
ingly, even when the bonding material is supplied in an 
amount sufficient to be pushed out of the back side of 
the semiconductor chip.it is attached to the side faces of 
the projecting portion and less likely to spread out to the 
area surrounding the die-bonding region. Hence.it is 
unnecessary to provide a marginal region around the 
die-bonding region of the metal plate, which implements 
a miniaturized plastic package and a miniaturized RF- 
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A sixth RF-driven semiconductor device according 
to the present invention comprises: first and second RF- 
driven semiconductor chips; a metal plate having the 
s first and second semiconductor chips die-bonded 
thereto via a bonding material supplied to respective 
back faces of the first and second semiconductor chips; 
a plastic package having the first and second semicon- 
ductor chips and the metal plate molded therein; outer 
10 leads protruding outwardly from a side face of the plas- 
tic package and electrically connected to respective sig- 
nal electrodes of the first and second semiconductor 
chips; and a recessed portion formed in the region of 
the metal plate interposed between a first region to 
is which the first semiconductor chip is to be die-bonded 
and a second region to which the second semiconduc- 
tor chip is to be die-bonded, the recessed portion 
accommodating the bonding material pushed out of the 
back side of at least one of the first and second semi- 
20 conductor chips. 

In the sixth RF-driven semiconductor device, the 
metal plate is formed with the recessed portion extend- 
ing between the first region to which the first semicon- 
ductor chip is to be die-bonded and the second region to 
25 which the second semiconductor chip is to be die- 
bonded such that the bonding material pushed out of 
the back side of at least one of the first and second sem- 
iconductor chips is accommodated in the recessed por- 
tion. Consequently, the bonding material pushed out of 
30 the back side of that one of the first and second semi- 
conductor chips die-bonded earlier is prevented from 
entering the region to which the other of the first and 
second semiconductor chips is to be die-bonded later. 
The arrangement achieves a reduced spacing between 
35 the first and second semiconductor chips and imple- 
ments a miniaturized plastic package having the plural- 
ity of semiconductor chips molded therein and a 
miniaturized RF-driven semiconductor device. 

A seventh RF-driven semiconductor device accord- 
40 ing to the present invention comprises: first and second 
RF-driven semiconductor chips; a metal plate having 
the first and second semiconductor chips die-bonded 
thereto via a bonding material supplied to respective 
back faces of the first and second semiconductor chips; 
45 a plastic package having the first and second semicon- 
ductor chips and the metal plate molded therein; outer 
leads protruding outwardly from a side face of the plas- 
tic package and electrically connected to respective sig- 
nal electrodes of the first and second semiconductor 
so chips; and a projecting portion formed on the region of 
the metal plate interposed between a first region to 
which the first semiconductor chip is to be die-bonded 
and a second region to which the second semiconduc- 
tor chip is to be die-bonded, the projecting portion pre- 
55 venting the bonding material pushed out of the back 
side of at least one of the first and second semiconduc- 
tor chips from flowing. 

In the seventh RF-driven semiconductor device, the 
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metal plate is formed with the projecting portion extend- 
ing between the first region to which the first semicon- 
ductor chip is to be die-bonded and the second region to 
which the second semiconductor chip is to be die- 
bonded such that the bonding material pushed out of 5 
the back side of at least one of the first and second sem- 
iconductor chips is prevented from flowing. Conse- 
quently, the bonding material pushed out of the back 
side of that one of the first and second semiconductor 
chips die-bonded earlier is prevented from entering the w 
region to which the other of the first and second semi- 
conductor chips is to be die-bonded later. The arrange- 
ment achieves a reduced spacing between the first and 
second semiconductor chips and implements a minia- 
turized plastic package having the plurality of semicon- 75 
ductor chips molded therein and a miniaturized RF- 
driven semiconductor device. 

An eighth RF-driven semiconductor device accord- 
ing to the present invention comprises: first and second 
RF-driven semiconductor chips; a metal .plate having 20 
the first and second semiconductor chips die-bonded 
thereto via a bonding material supplied to respective 
back faces of the first and second semiconductor chips; 
a plastic package having the first and second semicon- 
ductor chips and the metal plate molded therein; outer 25 
leads protruding outwardly from a side face of the plas- 
tic package and electrically connected to respective sig- 
nal electrodes of the first and second semiconductor 
chips; a first recessed portion formed in the metal plate, 
the first recessed portion having a plan configuration 30 
slightly larger in size than a plan configuration of the first 
semiconductor chip; and a second recessed portion 
formed in the metal plate, the second recessed portion 
having a plan configuration slightly larger in size than a 
plan configuration of the second semiconductor chip, 35 
the first semiconductor chip being die-bonded to a bot- 
tom face of the first recessed portion formed in the 
metal plate, the second semiconductor chip being die- 
bonded to a bottom face of the second recessed portion 
formed in the metal plate. *o 

In the eighth RF-driven semiconductor device, the 
metal plate is formed with the first recessed portion hav- 
ing the plan configuration slightly larger in size than the 
plan configuration of the first semiconductor chip such 
that the first semiconductor chip is die-bonded to the 45 
bottom face of the first recessed portion formed in the 
metal plate. The metal plate is also formed with the sec- 
ond recessed portion having the plan configuration 
slightly larger in size than the plan configuration of the 
second semiconductor chip such that the second semi- so 
conductor chip is die-bonded to the bottom face of the 
second recessed portion formed in the metal plate. 
Consequently, the bonding material pushed out of the 
back side of that one of the first and second semicon- 
ductor chips die-bonded earlier is prevented from enter- ss 
ing the region to which the other of the first and second 
semiconductor chips is to be die-bonded later. The 
arrangement achieves a reduced spacing between the 
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first and second semiconductor chips and implements a 
miniaturized plastic package having the plurality of sem- 
iconductor chips molded therein and a miniaturized RF- 
driven semiconductor device. 

A ninth RF-driven semiconductor device according 
to the present invention comprises: first and second RF- 
driven semiconductor chips; a metal plate having the 
first and second semiconductor chips die-bonded 
thereto via a bonding material supplied to respective 
back faces of the first and second semiconductor chips; 
a plastic package having the first and second semicon- 
ductor chips and the metal plate molded therein; outer 
leads protruding outwardly from a side face of the plas- 
tic package and electrically connected to respective sig- 
nal electrodes of the first and second semiconductor 
chips; a first projecting portion formed on the metal 
plate, the first projecting portion having a plan configu- 
ration slightly larger in size than a plan configuration of 
the first semiconductor chip; and a second projecting 
portion formed on the metal plate, the second projecting 
portion having a plan configuration slightly larger in size 
than a plan configuration of the second semiconductor 
chip, the first semiconductor chip being die-bonded to a 
top face of the first projecting portion formed on the 
metal plate, the second semiconductor chip being die- 
bonded to a top face of the second projecting portion 
formed on the metal plate. 

In the ninth RF-driven semiconductor device, the 
metal plate is formed with the first projecting portion 
having the plan configuration slightly larger in size than 
the plan configuration of the first semiconductor chip 
such that the first semiconductor chip is die-bonded to 
the top face of the first recessed portion formed on the 
metal plate. The metal plate is also formed witirthe sec- 
ond projecting portion having the plan configuration 
slightly larger in size than the plan configuration of the 
second semiconductor chip such that the second semi- 
conductor chip is die-bonded to the top face of the sec- 
ond recessed portion formed on the metal plate. 
Consequently, the bonding material pushed out of the 
back side of that one of the first and second semicon- 
ductor chips die-bonded earlier is prevented from enter- 
ing the region to which the other of the first and second 
semiconductor chips is to be die-bonded later. The 
arrangement achieves a reduced spacing between the 
first end second semiconductor chips and implements a 
plastic package having the plurality of semiconductor 
chips molded therein and a miniaturized RF-driven 
semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) to 1(d) show an RF-driven semiconduc- 
tor device according to a first embodiment of the 
present invention, of which FIG. 1(a) is a plan view, 
FIG. 1(b) is a cross-sectional view taken along the 
line l-l of FIG. 1(a), FIG. 1(c) is a front view, and 
FIG. 1(d) is a bottom view; 
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FIG. 2 is a perspective view of the RF-driven semi- 
conductor device according to the first embodiment 
of the present invention; 

FIG. 3 is a perspective view of an RF-driven semi- 
conductor device according to a variation of the first 5 
embodiment of the present invention; 
FIGS. 4(a) to 4(d) show an RF-driven semiconduc- 
tor device according to a second embodiment of the 
present invention, of which FIG. 4(a) is a plan view, 
FIG. 4(b) is a cross-sectional view taken along the 10 
line IV-IV of FIG. 4(a), FIG. 4(c) is a front view, and 
FIG. 4(d) is a bottom view; 
FIGS. 5(a) to 5(d) show an RF-driven semiconduc- 
tor device according to a third embodiment of the 
present invention, of which FIG. 5(a) is a plan view, is 
FIG. 5(b) is a cross-sectional view taken along the 
line V-V of FIG. 5(a). FIG. 5(c) is a front view, and 
FIG. 5(d) is a bottom view; 

FIG. 6 is a perspective view of the RF-driven semi- 
conductor device according to the first embodiment 20 
of the present invention, which has been mounted 
on a printed circuit board; 

FIG. 7 is a cross-sectional view taken along the line 
VII-VII of FIG. 6 showing the RF-driven semicon- 
ductor device according to the first embodiment of 25 
the present invention, which has been mounted on 
the printed circuit board; 

FIG. 8 is a perspective view of an RF-driven semi- 
conductor device according to a fourth embodiment 
of the present invention; 30 
FIG. 9 is a plan view of the RF-driven semiconduc- 
tor device according to the fourth embodiment of 
the present invention; 

FIGS. 10(a) and 10(b) show an RF-driven semicon- 
ductor device according to a fifth embodiment of the 35 
present invention, of which FIG. 1 0(a) is a plan view 
and FIG. 10(b) is a cross-sectional view taken 
along the line X-X of FIG. 10(a); 
FIG. 1 1 is a plan view of a lead frame used in the 
RF-driven semiconductor device according to the 40 
fifth embodiment of the present invention; 
FIGS. 12(a) and 12(b) show an RF-driven semicon- 
ductor device according to a sixth embodiment of 
the present invention, of which FIG. 12(a) is a plan 
view and FIG. 12(b) is a cross-sectional view taken 45 
along the line XII-XII of FIG. 12(a); 
FIGS. 13(a) and 13(b) show an RF-driven semicon- 
ductor device according to a seventh embodiment 
of the present invention, of which FIG. 13(a) is a 
plan view and FIG. 13(b) is a cross-sectional view 50 
taken along the line XIII-XIM of FIG. 13(a); 
FIGS. 14(a) and 14(b) show an RF-driven semicon- 
ductor device according to an eighth embodiment 
of the present invention, of which FIG. 14(a) is a 
plan view and FIG. 14(b) is a cross-sectional view 55 
taken along the line XIV-XIV of FIG. 1 4(a); 
FIGS. 15(a) and 15(b) show an RF-driven semicon- 
ductor device according to a ninth embodiment of 


the present invention, of which FIG. 15(a) is a Dim 
view and FIG. 15(b) is a cross-sectional view tt.; 1 
along the line XV-XV of FIG. 15(a); 
FIGS. 16(a) and 16(b) show an RF-driven semicon- 
ductor device according to a tenth embodiment of 
the present invention, of which FIG. 16(a) is a plan 
view and FIG. 16(b) is a cross-sectional view taken 
along the line XVI-XVI of FIG. 16(a); 
FIGS. 17(a) to 17(d) show a semiconductor device 
according to a first conventional embodiment, of 
which FIG. 17(a) is a plan view, FIG. 17(b) is a 
cross-sectional view taken along the line XVII-XVII 
of FIG. 17(a), FIG. 17(c) is a front view, and FIG. 
1 7(d) is a bottom view; 

FIGS. 18(a) to 18(d) show a semiconductor device 
according to a second conventional embodiment, of 
which FIG. 18(a) is a plan view, FIG. 18(b) is a side 
view, FIG. 18(c) is a front view, and FIG. 18(d) is a 
bottom view; 

FIGS. 19(a) and 19(b) show a semiconductor 
device according to a third conventional embodi- 
ment, of which FIG. 19(a) is a plan view and FIG. 
19(b) is a side view; and 

FIGS. 20(a) ad 20(b) show a semiconductor device 
according to a fourth conventional embodiment, of 
which FIG. 20(a) is a plan view and FIG. 20(b) is a 
cross-sectional view taken along the line XX-XX of 
FIG. 20(a). 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, semiconductor 
devices according to the individual embodiments of the 
present invention will be described. For the sake of con- 
venience, the following description assumes that the 
portions of the semiconductor devices located on the 
right and left sides of the drawings are termed the right 
and left portions of the semiconductor devices and that 
the portions of the semiconductor devices located in the 
upper and lower parts of the drawings are termed the 
rear and front portions of the semiconductor devices. 
However, the right and left portions of the semiconduc- 
tor devices as well as the front and rear portions thereof 
are not limited to the aforesaid assumption. 

(First Embodiment) 


An RF-driven semiconductor device according to a 
first embodiment of the present invention will be 
described with reference to FIGS. 1 and 2. 

FIGS. 1(a) to 1(d) and FIG. 2 show the RF-driven 
semiconductor device according to the first embodi- 
ment, of which FIG. 1(a) is a plan view, FIG. 1(b) is a 
cross-sectional view taken along the line l-l of FIG. 1 (a), 
FIG. 1(c) is a front view, FIG. 1(d) is a bottom view, and 
FIG. 2 is a perspective view. 

As shown in the drawings, an RF-driven semicon- 
ductor chip (not shown) is die-bonded to the top face of 
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a metal plate 10 separated from a lead frame. The metal 
plate 10 and the semiconductor chip are molded 
together with outer leads 11 for connection with an 
external electrode, which are also separated from the 
lead frame, in a plastic package 12 in the form of a flat 
rectangular parallelepiped. The signal electrode of the 
semiconductor chip is electrically connected to the 
outer leads 1 1 via bonding wires or the like, though the 
drawing thereof is omitted here. 

The first embodiment is characterized in that the 
outer leads 1 1 are protruding outwardly from the right 
and left side faces of the plastic package 12 and the 
metal plate 10 is exposed at the back face of the plastic 
package 12. 

The metal plate 10 is not protruding from the front 
and rear side faces of the plastic package 12 and the 
front and rear said faced of the metal plate 10 are flush 
with the front and rear side faces of the plastic package 
12. This prevents the plastic package from substantially 
increasing in size by the lengths of the projections of the 
metal plate as in the first conventional embodiment. 

The front and rear portions of the plastic package 
12 are centrally formed with respective cutaway por- 
tions 12a each in the form of a rectangular parallelepi- 
ped. The top face of the metal plate 10 is exposed 
through the cutaway portions 12a formed centrally in 
the front and rear portions of the plastic package 12 to 
form solder portions 1 0a. 

The metal plate 10 also has an exposed portion 
10b at its back face extending between the pair of 
opposed side faces thereof corresponding to the front 
and rear side faces of the plastic package 12 unpro- 
vided with the outer leads 1 1 (front and rear side faces 
of the metal plate 10). The exposed portion 10b and the 
solder portions 10a, each uncovered with the plastic 
package 12, are contiguous to each other via the front 
and rear side faces 10c of the metal plate 10. 

FIGS. 6 and 7 show a set of semiconductor devices 
in which the RF-driven semiconductor device according 
the first embodiment is mounted on a printed circuit 
board 15 of terminal equipment for mobile communica- 
tion. FIG. 7 is a cross-sectional view taken along the line 
Vll-Vllof FIG. 6. 

As shown in the drawings, after the plastic package 
12 is placed on the printed circuit board 15 with a lead 
pattern 15a and a ground pattern 15b formed thereon, 
the lead pattern 1 5a is bonded to the outer leads 1 1 with 
a solder material 16, while the ground pattern 15b is 
bonded to the solder portions 10a of the metal plate 10 
with the solder material 1 6. 

The first embodiment is characterized in that the 
front and rear side faces 10c of the metal plate 10 are 
plated with a metal composed of solder, silver, or nickel 
having an excellent affinity for the solder material for the 
following reason. The lead frame is normally plated with 
such a metal as silver or nickel for improved adhesion to 
the solder material since the lead frame is composed of 
an iron-based metal such as a chromium-iron, alloy and 
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hence has poor adhesion to the solder material. How- 
ever, the iron-based metal is exposed at the front and 
rear side faces 10c of the metal plate 10 separated from 
the lead frame and exhibits poor adhesion to the solder 

5 material. The front and rear side faces of the metal plate 
10 have thus been plated with the metal having an 
excellent affinity for the solder material for improved 
adhesion to the solder material. As a result, all the por- 
tions of the metal plate 10 uncovered with the plastic 

10 package 12 are covered with a plate layer (covering 
member) made of the metal having an excellent affinity 
for the solder material. This improves bonding between 
the metal plate 10 and the ground pattern 15b. 

Moreover, since the metal plate 10 has the exposed 

15 portion 10b at the back face thereof extending continu- 
ously between the pair of opposed side faces corre- 
sponding to the pair of opposed side faces of the plastic 
package 12 unprovided with the outer leads 11, the 
exposed portion 10b and the solder portions 10a each 

20 uncovered with the plastic package 1 2 are contiguous to 
each other via the front and rear side faces 10c of the 
metal plate 10. Accordingly, the metal plate 10 and 
hence the RF-driven semiconductor device are fas- 
tened to the printed circuit board 15 with the solder por- 

25 tions 10a, front and rear side faces 10c, and exposed 
portion 10b of the metal plate 10 arranged contiguously 
and bonded securely to the ground pattern 15b of the 
printed circuit board 15 for the following reason. The 
step of soldering the metal plate 10 to the ground pat- 

30 tern 15b of the printed circuit board 15 includes the 
application of the solder material 16 to the region of the 
ground pattern 15b to which the metal plate 10 is to be 
bonded, the placement of the RF-driven semiconductor 
device on the applied solder material 16, and the appli- 

35 cation of the solder material 16 to the solder portions 
10a. Then, the printed circuit board 15 with the RF- 
driven semiconductor device disposed thereon is 
placed in an oven and heated. The heat in the oven is 
transmitted smoothly along the entire surface of the 

40 metal plate 10. This brings the solder material 16 
applied onto the ground pattern 15b and solder portion 
10a into an equally wet state, so that the metal plate 10 
is securely fastened to the ground pattern 15b of the 
printed circuit board 15. The typical ground pattern 15b 

45 is extremely thin and transmits only a small amount of 
heat for bringing the solder material into the wet state. 

Moreover, since the exposed portion of the metal 
plate 10 uncovered with the plastic package 12 is thor- 
oughly covered with a plate layer made of a metal hav- 

so ing an excellent affinity for the solder material in the first 
embodiment, the solder material applied onto the solder 
portions 10a and ground pattern 15b spreads smoothly 
in the wet state, which further ensures bonding between 
the back face of the metal plate 10 and the ground pat- 

55 tern 15b. 

Furthermore, since the ground pattern 15b of the 
printed circuit board 15 has been bonded to the solder 
portions 10a of the metal plate 10 with the solder mate- 
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rial 16, the grounding property of the metal plate 10 is 
improved and the solder material 16 presents a protrud- 
ing configuration, so that the solder material 16 is easily 
inspected by visual inspection or by means of a televi- 
sion camera. This increases the reliability, productivity, 
and yield of the set of semiconductor devices composed 
of the RF-driven semiconductor device mounted on the 
printed circuit board 15. 

In addition, since the solder portions 10a of the 
metal plate 10 are exposed through the cutaway por- 
tions 12a of the plastic package 12, the solder portions 
10a of the metal plate 10 can be pressed against the 
ground electrode when an RF inspection is performed 
with respect to the RF-driven semiconductor device 
according to the first embodiment, which surely equal- 
izes the potential at the metal plate 10 and the ground 
potential. 

FIG. 3 shows a variation of the RF-driven semicon- 
ductor device according to the first embodiment. As 
shown in FIG. 3, the outer leads 11 are extending line- 20 
ar\y outwardly from the right and left side faces of the 
plastic package 12, while each of the cutaway portions 
12a of the plastic package 12 presents a semicircular 
plan configuration. Accordingly, each of the solder por- 
tions 10a of the metal plate 1 0 also presents a semicir- 25 
cular configuration. Thus, the configuration of the outer 
lead 1 1 , the plan configuration of the cutaway portion 
12a in the plastic package 12, and the configuration of 
the solder portion 10a of the metal plate 10a are not 
particularly limited. 30 

(Second Embodiment) 

An RF-driven semiconductor device according to a 
second embodiment of the present invention will be 35 
described with reference to FIGS. 4. 

FIGS. 4(a) to 4(d) show the RF-driven semiconduc- 
tor device according to the second embodiment, of 
which FIG. 4(a) is a plan view, FIG. 4(b) is a cross-sec- 
tional view taken along the line IV-IV of FIG. 4(a), FIG. 40 
4(c) is a front view, and FIG. 4(d) is a bottom view. 

As shown in the drawings, an RF-driven semicon- 
ductor chip (not shown) is die-bonded to the top face of 
a metal plate 10 separated from a lead frame. The metal 
plate 10 and the semiconductor chip are molded 45 
together with outer leads 11 also separated from the 
lead frame in a plastic package 12 in the form of a flat 
rectangular parallelepiped. The signal electrode of the 
semiconductor chip is electrically connected to the 
outer leads 1 1 via bonding wires or the like, though the so 
drawing thereof is omitted here. 

Similarly to the first embodiment, the outer leads 1 1 
are protruding outwardly from the right and left side 
faces of the plastic package 12 and the metal plate 10 is 
exposed at the back face of the plastic package 1 2. The 55 
metal plate 10 is not protruding from the front and rear 
side faces of the plastic package 12 and the front and 
rear side faces of the metal plate 10 are flush with the 


front and rear side faces of the plastic package 12. This 
prevents the plastic package from substantially increas- 
ing in size by the lengths of the projections of the metal 
plate. 

5 The front and rear portions of the plastic package 

12 are centrally formed with respective cutaway por- 
tions 12a each in the form of a rectangular parallelepi- 
ped. The top face of the metal plate 10 is exposed 
through the cutaway portions 12a formed centrally in 
10 the front and rear portions of the plastic package 12 to 
form solder portions 1 0a. 

The metal plate 10 also has an exposed portion 
10b at the back face thereof extending between the pair 
of opposed side faces of the metal plate 10 (at the back 
face between the front and rear side faces of the metal 
plate 10) corresponding to the pair of opposed side 
faces of the plastic package 12 unprovided with the 
outer leads 11. The exposed portion 10b and the solder 
portions 10a each uncovered with the plastic package 
12 are contiguous to each other via the front and rear 
side faces 10c of the metal plate 10. 

The solder portions 10a, front and rear side faces 
10c, and exposed portions 10b are contiguously uncov- 
ered with the plastic package 12, while the exposed por- 
tion of the metal plate 10 uncovered with the plastic 
package 12 is plated with a metal composed of a solder, 
silver, or nickel having an excellent affinity for a solder 
material. Consequently, the solder material applied onto 
the solder portions 10a and ground pattern of the 
printed circuit board spreads smoothly in the wet state, 
which ensures bonding between the metal plate 10 and 
the ground pattern. 

The second embodiment is characterized in that 
the pair of opposed side faces of the metal plate 10 
(right and left side faces of the metal plate 10) corre- 
sponding to the side faces of the plastic package 1 2 pro- 
vided with the outer leads 1 1 are formed centrally with 
respective bending portions 10d extending upwardly 
and then horizontally away from the metal plate 10, 
which are confined in the plastic package 12. The bend- 
ing portions 10d prevents the metal plate 10 from being 
detached from the plastic package 1 2 when a large trac- 
tive force or an external pressure is applied to the metal 
plate 10. Although the bending portion 10d has an L- 
shaped cross section in the second embodiment, the 
cross-sectional configuration of the bending portion 1 0d 
can be changed properly if required. 

(Third Embodiment) 

A semiconductor device according to a third 
embodiment of the present invention will be described 
with reference to FIGS. 5. FIGS. 5(a) to 5(d) show the 
semiconductor device according to the third embodi- 
ment, of which FIG. 5(a) is a plan view, FIG. 5(b) is a 
cross-sectional view token along the line V-V of FIG. 
5(a). FIG. 5(c) is a front view, and FIG. 5(d) is a bottom 
view. 


<EP_0835047A2_L> 


10 


19 


EP 0 835 047 A2 


20 


As shown in the drawings, on RF-driven semicon- 
ductor chip (not shown) is die-bonded to the top face of 
a metal plate 30 separated from a lead frame, similarly 
to the first embodiment. The metal plate 30 and a semi- 
conductor chip are molded together with outer leads 1 1 
also separated from the lead frame in a plastic package 
12 in the form of a flat rectangular parallelepiped. The 
signal electrode of the semiconductor chip is electrically 
connected to the outer leads 1 1 via bonding wires or the 
like, though the drawing thereof is omitted here. 

The outer leads 1 1 are protruding outwardly from 
the right and left side faces of the plastic package 12 
and the metal plate 30 is exposed at the back face of the 
plastic package 1 2. The metal plate 30 is not protruding 
from the front and rear side faces of the plastic package 
- 1 2 and the front and rear side faces of the metal plate 
30 are flush with the front and rear faces of the plastic 
package 12. 

The front and rear portions of the plastic package 
12 are centrally formed with respective cutaway por- 
tions 12a each in the form of a rectangular parallelepi- 
ped. The top face of the metal plate 30 is exposed 
through the cutaway portions 12a formed centrally in 
the front and rear portions of the plastic package 12 to 
form solder portions 30a. 

The metal plate 30 also has an exposed portion 
30b at the back face thereof extending between the pair 
of opposed side faces of the metal plate 30 correspond- 
ing to the pair of opposed side faces of the plastic pack- 
age 12 unprovided with the outer leads 11. The 
exposed portion 30b and the solder portions 30a each 
uncovered with the plastic package 1 2 are contiguous to 
each other via the front and rear side faces 30c of the 
metal plate 30. 

The solder portions 30a, front and rear side faces 
30c, and exposed portion 30b are contiguously uncov- 
ered with the plastic package 1 2, while the exposed por- 
tion of the metal plate 30 uncovered with the plastic 
package 12 is plated with a metal composed of a solder, 
silver, or nickel having an excellent affinity for a solder 
material. Consequently, the solder material applied onto 
the solder portions 30a and ground pattern of the 
printed circuit board spreads smoothly in the wet state, 
which ensures bonding between the metal plate 30 and 
the ground pattern. 

The third embodiment is characterized in that the 
pair of opposed side faces of the metal plate 30 (right 
and left side faces of the metal plate) corresponding to 
the pair of opposed side faces of the plastic package 1 2 
provided with the outer leads 1 1 are composed respec- 
tive sloped surfaces 30d downwardly tapered in cross 
section toward the bottom face of the metal plate 30, as 
shown in FIG. 5(c). Accordingly, the width L 2 of the 
metal plate 30 at the top face thereof is larger than the 
width L-i of the metal plate 30 at the back face thereof. 
The arrangement improves the strength of bonding 
between the metal plate 30 and the plastic package 1 2 
and prevents the metal plate 30 from being detached 


from the plastic package 12 when a large tractive force 
or an external pressure is applied to the metal plate 30. 

(Fourth Embodiment) 

5 

An RF-driven semiconductor device according to a 
fourth embodiment of the present invention will be 
described with reference to FIGS. 8 and 9. 

As shown in the drawings, an RF-driven semicon- 

10 ductor chip (not shown) is die-bonded to the top face of 
a metal plate 10 separated from a lead frame. The metal 
plate 10 and the semiconductor chip are molded 
together with outer leads 1 1 also separated from the 
lead frame in a plastic package 12 in the form of a flat 

15 rectangular parallelepiped. The signal electrode of the 
semiconductor chip is electrically connected to the 
outer leads 1 1 via bonding wires or the like, though the 
drawing thereof is omitted here. 

The fourth embodiment is characterized in that the 

20 semiconductor chip has an RF-driven LSI circuit as well 
as a multi-pin structure in which the outer leads 1 1 are 
protruding outwardly from the four side faces of the 
plastic package 1 2. The metal plate 1 0 is exposed at the 
back face of the plastic package 2. 

25 As shown in FIG. 9, the metal plate 10 has four 
extended portions 10e radially extending toward the 
four corners of the plastic package 12 and square- 
shaped solder portions 10a formed on the respective 
tips of the extended portions 10e. 

30 The four corners of the plastic package 12 are 
formed with respective square-shaped cutaway portions 
12a. The solder portions 10a of the metal plate 10 are 
exposed through the respective cutaway portions 1 2a of 
the plastic package 12. 

35 After the plastic package 12 is placed on a printed 
circuit board having a lead pattern and a ground pattern 
formed on the surface thereof, the outer leads are 
bonded to the lead pattern with a solder material, while 
the solder portions 1 0a of the metal plate 1 0 are bonded 

40 to the ground pattern with the solder material, though 
the drawing thereof is omitted. The arrangement 
improves the grounding property of the metal plate 10 
and forms the solder material into a protruding configu- 
ration, which can easily be recognized by visual inspec- 
ts tion or the like. What results is a set of semiconductor 
devices with improved reliability composed of a semi- 
conductor device having the multi-pin structure 
mounted on the printed circuit board. 

so (Fifth Embodiment) 

A semiconductor device according to a fifth embod- 
iment of the present invention will be described with ref- 
erence to FIGS. 10 and 11. 
55 FIGS. 10(a) and 10(b) show the RF-driven semi- 
conductor device according to the fifth embodiment, of 
which FIG. 10(a) is a plan view, FIG. 10(b) is a cross- 
sectional view taken along the line X-X of FIG. 10(a), 
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and FIG. 1 1 is a plan view of a lead frame 20. 

As shown in the drawings, first and second RF- 
driven semiconductor chips 21 and 22 are die-bonded 
to the top face of a metal plate 10 separated from the 
lead frame 20 at suspended lead portions 20a. The 
metal plate 10 and the first and second semiconductor 
chips 21 and 22 are molded together with outer leads 1 1 
also separated from the lead frame 20 in a plastic pack- 
age 12 in the form of a flat rectangular parallelepiped. 
The respective signal electrodes of the first and second 
semiconductor chips 21 and 22 are electrically con- 
nected to the outer leads 1 1 via bonding wires or the 
like, though the drawing thereof is omitted here. 

The outer leads 1 1 are protruding outwardly from 
the front and rear side faces of the plastic package 12, 
while the metal plate 10 is exposed at the back face of 
the plastic package 12. The metal plate 10 is not pro- 
truding from the right and left side faces of the plastic 
package 1 2 and the right and left side faces of the metal 
plate 1 0 are flush with the right and left side faces of the 
plastic package 12. 

The right and left portions of the plastic package 12 
are centrally formed with respective cutaway portions 
12a each in the form of a rectangular parallelepiped. 
The top face of the metal plate 10 is exposed through 
the cutaway portions 12a formed centrally in the right 
and left portions of the plastic package 12 to form solder 
portions 10a. 

The fifth embodiment is characterized in that the 
metal plate 10 is formed with a recessed portion 24 hav- 
ing a V-shaped cross section and vertically extending 
between the first region of the metal plate 10 to which 
the first semiconductor chip 21 is to be die-bonded and 
the second region of the metal plate 10 to which the 
second semiconductor chip 22 is to be die-bonded in 
FIG. 10(a). 

When a bonding material made of a gold-silicon 
alloy, gold-lead alloy, silver paste, or the like is attached 
to the back face of that one of the first and second sem- 
iconductor chips 21 and 22 to be die-bonded earlier and 
the semiconductor chip is pressed against the metal 
plate 10, the bonding material is pushed out of the back 
side of the semiconductor chip die-bonded earlier and 
inclined to spread out toward the bonding region for the 
other of the first and second semiconductor chips 21 
and 22 to be die-bonded later, but is eventually accom- 
modated in the recessed portion 24 before entering the 
bonding region. Consequently, the bonding material 
pushed out of the back side of the semiconductor chip 
die-bonded earlier is prevented from entering the bond- 
ing region for the other semiconductor chip to be die- 
bonded later even when the spacing w between the first 
and second semiconductor chips 21 and 22 is small In 
addition, it is no more necessary to moderate the 
amount of the bonding material to be attached to the i 
back face of the semiconductor chip to be die-bonded 
earlier Hence, a miniaturized plastic package can be 
implemented simultaneously with the implementation of 
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an RF-driven semiconductor device with improved relia- 
bility and yield. 

Preferably, the width and depth of the recessed por- 
tion 24 formed in the metal plate 10 are determined in 
5 consideration of the capacity to accommodate the 
bonding material and the strength of the metal plate 10, 
since the capacity to accommodate the bonding mate- 
rial increases as the width and depth of the recessed 
portion 24 increase, while the strength of the metal plate 
io 10 decreases as the width and depth of the recessed 
portion 24 increase. In the case where the metal plate 
10 has a thickness of 0.2 mm, the recessed portion 24 
preferably has a width of about 0.2 mm and a depth of 
0.1 mm or less. The settings can reduce the spacing w 
is between first and second semiconductor chips 21 and 
22 to about 0.2 mm, which is less than half the spacing 
of about 0.6 mm required in the conventional structure. 

As described above, the fifth embodiment can min- 
imize the lateral dimension of the plastic package 12 
20 since the right and left side faces of the metal plate 10 
are flush with the right and left side faces of the plastic 
package 12 and the recessed portion 24 is formed 
between the die-bonding region for the first semicon- 
ductor chip 21 and the second die-bonding region for 
25 the second semiconductor chip 22. 

(Sixth Embodiment) 

An RF-driven semiconductor device according to a 
30 sixth embodiment of the present invention will be 
described with reference to FIGS. 12. 

FIGS. 12(a) and 12(b) show the RF-driven semi- 
conductor device according to the sixth embodiment, of 
which FIG. 12(a) is a plan view and FIG. 12(b) is a 
35 cross-sectional view taken along the line XII-XII of FIG 
12(a). 

As shown in the drawings, first and second RF- 
driven semiconductor chips 21 and 22 are die-bonded 
to the top face of a metal plate 10, similarly to the fifth 
40 embodiment. The metal plate 10 and the first and sec- 
ond semiconductor chips 21 and 22 are molded in a 
plastic package 12. Outer leads 1 1 are protruding out- 
wardly from the front and rear side faces of the plastic 
package 12, while the metal plate 10 is exposed at the 
45 back face of the plastic package 12. The metal plate 1 0 
is not protruding from the right and left side faces of the 
plastic package 12 and the right and left side faces of 
the metal plate 10 are flush with the right and left side 
faces of the plastic package 12. 
so The right and left portions of the plastic package 12 
are centrally formed with respective cutaway portions 
12a each in the form of a rectangular parallelepiped. 
The top face of the metal plate 10 is exposed through 
the cutaway portions 12a centrally formed in the right 
>5 and left portions of the plastic package 1 2 to form solder 
portions 10a. 

The sixth embodiment is characterized in that the 
metal plate 10 is formed with respective recessed por- 
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tions 24 having V-shaped cross sections and vertically 
extending between a first region of the metal plate 10 to 
which the first semiconductor chip 21 is to be die- 
bonded and a second region to which the second semi- 
conductor chip 22 is to be die-bonded, between the first 5 
region and the solder portion 10a on the left side of the 
metal plate 10, and between the second region and the 
solder portion 1 0a on the right side of the metal plate 1 0 
in FIG. 12(a). 

Since the bonding material pushed out of the back 10 
side of each of the first and second semiconductor chips 

21 and 22 is accommodated in the recessed portions 24 
in the vicinity, the bonding material is prevented from 
entering the adjacent bonding regions for the semicon- 
ductor chips or the solder portions 10a of the metal 15 
plate 10. Consequently, the spacing between the first 
and second semiconductor chips 21 and 22 and the 
spacing between each of the first and second semicon- 
ductor chips 21 and 22 and the solder portion 10a can 

be reduced, which implements a miniaturized plastic 20 
package 12 as well as an RF-driven semiconductor 
device with improved reliability and yield. 

(Seventh Embodiment) 

25 

A semiconductor device according to a seventh 
embodiment of the present invention will be described 
with reference to FIGS. 13(a) and 13(b). 

FIGS, 13(a) and 13(b) show the semiconductor 
device according to the seventh embodiment, of which 30 
FIG. 13(a) is a plan view and FIG. 13(b) is a cross-sec- 
tional view taken along the iine XIII-XIII of FIG. 13(a). 

As shown in the drawings, first and second RF- 
driven semiconductor chips 21 and 22 are die-bonded 
to the top face of a metal plate 10, similarly to the fifth 35 
embodiment. The metal plate 1 0 and the first and sec- 
ond semiconductor chips 21 and 22 are molded in a 
plastic package 12. Outer leads 11 are protruding out- 
wardly from the front and rear side faces of the plastic 
package 12, while the metal plate 10 is exposed at the 40 
back face of the plastic package 12. The metal plate 10 
is not protruding from the right and left side faces of the 
plastic package 12 and the right and left side faces of 
the metal plate 10 are flush with the right and left side 
faces of the plastic package 1 2. 45 

The right and left portions of the plastic package 1 2 
are centrally formed with respective cutaway portions 
12a each in the form of a rectangular parallelepiped. 
The top face of the metal plate 10 is exposed through 
the cutaway portions 12a formed centrally in the right so 
and left portions of the plastic package 12 to form solder 
portions 10a. 

The seventh embodiment is characterized in that 
the metal plate 10 is formed with a projecting portion 25 
vertically extending between a first region to which the 55 
first semiconductor chip 21 is to be die-bonded and a 
second region to which the second semiconductor chip 

22 is to be die-bonded in FIG. 13(a). 


The projecting portion 25 prevents the bonding 
material pushed out of the back side of that one of the 
first and second semiconductor chips 21 and 22 die- 
bonded earlier from entering the bonding region for the 
other one of the first and second semiconductor chips 

21 and 22 to be die-bonded later. Consequently, the 
spacing between the first and second semiconductor 
chips 21 and 22 can be reduced, which implements a 
miniaturized plastic package 12 as well as an RF-driven 
semiconductor device with improved reliability and 
yield. 

(Eighth Embodiment) 

An RF-driven semiconductor device according to 
an eighth embodiment of the present invention will be 
described with reference to FIGS. 14. 

FIGS. 14(a) and 14(b) show the RF-driven semi- 
conductor device according to an eighth embodiment, 
of which FIG. 14(a) is a plan view and FIG. 14(b) is a 
cross-sectional view taken along the line XIV-XIV of 
FIG. 14(a). 

As shown in the drawings, first and second RF- 
driven semiconductor chips 21 and 22 are die-bonded 
to the top face of a metal plate 10, similarly to the fifth 
embodiment. The metal plate 10 and the first and sec- 
ond semiconductor chips 21 and 22 are molded in a 
plastic package 12. Outer leads 1 1 are protruding out- 
wardly from the front and rear side faces of the plastic 
package 12, while the metal plate 10 is exposed at the 
back face of the plastic package 12. The metal plate 10 
is not protruding from the right and left side faces of the 
plastic package 12 and the right and left side faces of 
the metal plate 10 are flush with the right and left side 
faces of the plastic package 12. 

The right and left portions of the plastic package 12 
are centrally formed with respective cutaway portions 
12a each in the form of a rectangular parallelepiped. 
The top face of the metal plate 10 is exposed through 
the cutaway portions 12a formed centrally in the right 
and left portions of the plastic package 1 2 to form solder 
portions 10a. 

The eighth embodiment is characterized in that 
respective recessed portions 26 are formed in the first 
and second regions of the metal plate 10 to which the 
first and second semiconductor chips 21 and 22 are to 
be die-bonded, respectively. The recessed portions 26 
have individual plan configurations slightly larger in size 
than the first and second semiconductor chips 21 and 

22 to be die-bonded so that the first and second semi- 
conductor chips 21 and 22 are die-bonded to the 
respective bottom faces of the recessed portions 26 
formed in the metal plate 10. 

With the arrangement, the bonding material pushed 
out of the back side of each of the first and second sem- 
iconductor chips 21 and 22 is prevented from flowing 
out of the corresponding recessed portion 26 and enter- 
ing the bonding region for the other semiconductor chip. 
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Consequently, the spacing between the first and second 
semiconductor chips 21 and 22 can be reduced, which 
implements a miniaturized plastic package 1 2 as well as 
an RF-driven semiconductor device with improved relia- 
bility and yield. 

(Ninth Embodiment) 

An RF-driven semiconductor device according to a 
ninth embodiment of the present invention will be 
described with reference to FIGS. 15. 

FIGS. 15(a) and 15(b) show the RF-driven semi- 
conductor device according to the ninth embodiment, of 
which FIG. 15(a) is a plan view and FIG. 15(b) is a 
cross-sectional view taken along the line XV-XV of FIG 
15(a). 

As shown in the drawings, first and second RF- 
driven semiconductor chips 21 and 22 are die-bonded 
to the top face of a metal plate 10, similarly to the fifth 
embodiment. The metal plate 10 and the first and sec- 
ond semiconductor chips 21 and 22 are molded in a 
plastic package 12. Outer leads 11 are extending out- 
wardly from the front and rear side faces of the plastic 
package 12, while the metal plate 10 is exposed at the 
back face of the plastic package 12. The metal plate 10 
is not protruding from the right and left side faces of the 
plastic package 12 and the right and left side faces of 
the metal plate 10 are flush with the right and left side 
faces of the plastic package 12. 

The right and left portions of the plastic package 1 2 
are centrally formed with respective cutaway portions 
12a each in the form of a rectangular parallelepiped. 
The top face of the metal plate 10 is exposed through 
the cutaway portions 12a formed centrally in the right 
and left portions of the plastic package 12 to form solder 
portions 10a. 

The ninth embodiment is characterized in that 
respective projecting portions 27 are formed on the first 
and second regions of the metal plate 10 to which the 
first and second semiconductor chips 21 and 22 are to 
be die-bonded, respectively. The projecting portions 27 
have individual plan configurations slightly larger in size 
than the first and second semiconductor chips 21 and 
22 to be die-bonded so that the first and second semi- 
conductor chips 21 and 22 are die-bonded to the top 
faces of the corresponding projecting portions 27 
formed on the metal plate 10. 

With the arrangement, the bonding material pushed 
out of the back side of each of the first and second sem- 
iconductor chips 21 and 22 is attached to the side faces i 
of the corresponding projecting portion 27 and will not 
enter the bonding region for the other semiconductor 
chip. Consequently, the spacing between the first and 
second semiconductor chips 21 and 22 can be reduced, 
which implements a miniaturized plastic package 12 as i 
well as an RF<iriven semiconductor device with 
improved reliability and yield. 


(Tenth Embodiment) 

A semiconductor device according to a tenth 
embodiment of the present invention will be described 
5 with reference to FIGS. 16. 

FIGS. 16(a) and 16(b) show the RF-driven semi- 
conductor device according to the tenth embodiment, of 
which FIG. 16(a) is a plan view and FIG. 16(b) is a 
cross-sectional view taken along the line XVI-XVI. 
10 As shown in the drawings, an RF-driven semicon- 
ductor chip 23 is die-bonded to a metal plate 10. The 
metal plate 10 and the semiconductor chip 23 are 
molded in a plastic package 12. Outer leads 1 1 are pro- 
truding from the front and rear side faces of the plastic 
is package 12, while the metal plate 10 is exposed at the 
back face of the plastic package 12. The metal plate 10 
is not protruding from the right and left side faces of the 
plastic package 12 and the right and left side faces of 
the metal plate 10 are flush with the right and left side 
20 faces of the plastic package 12. 

The right and left portions of the plastic package 1 2 
are centrally formed with respective cutaway portions 
12a each in the form of a rectangular parallelepiped. 
The top face of the metal plate 10 is exposed through 
25 the cutaway portions 12a formed centrally in the right 
and left portions of the plastic package 1 2 to form solder 
portions 10a. 

The tenth embodiment is characterized in that the 
metal plate 10 is formed with recessed portions 24 hav- 
30 ing V-shaped cross sections and extending along the 
respective sides of the semiconductor chip 23 in such a 
manner as to surround the region to which the semicon- 
ductor chip 23 is to be die-bonded in the proximity 
thereof. 

35 Accordingly, the bonding material pushed out of the 
back side of the semiconductor chip 23 is accommo- 
dated in the recessed portions 24 and will not flow to the 
solder portions 1 0a on the top face of the metal plate 1 0 
or to the back face of the metal plate 1 0. As a result, the 

40 bonding region for the semiconductor chip 23 and the 
plastic package 12 can be reduced in size. 

ff the width of each of the recessed portions 24 is 
assumed to be 0.2 mm, the length of each side of the 
bonding region for the semiconductor chip 23 can be 

45 reduced to a value obtained by adding 0.4 mm to the 
length of each side of the semiconductor chip 23, which 
is smaller by 0.8 mm than the conventional length of 
each side of the bonding region for the semiconductor 
chip calculated by adding 0.6 x 2 = 1 .2 mm to the length 

so of each side of the semiconductor chip. The arrange- 
ment enables a further reduction of 0:8 mm in the length 
of each side of the plastic package 12, which has 
already been reduced from conventional 5 mm to 3 mm 
because of the right and left side faces of the metal 
plate 10 being flush with the right and left side faces of 
the plastic package 12, thereby contributing to further 
miniaturization of the RF-driven semiconductor device. 
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Claims 

1. An RF-driven semiconductor device mounted on a 
printed circuit board having a ground pattern, com- 
prising: 5 

an RF-driven semiconductor chip; 
a metal plate having said semiconductor chip 
die-bonded to a top face thereof; 
a plastic package in the shape of a rectangular io 
parallelepiped having said semiconductor chip 
and said metal plate molded therein, said metal 
plate having an exposed back face and not pro- 
truding from the periphery of said plastic pack- 
age; 15 
outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to a signal electrode of said semi- 
conductor chip; and 

a solder portion composed of an edge portion 20 
of the top face of said metal plate exposed 
through a cutaway portion formed in an edge 
portion of said plastic package, said solder por- 
tion being soldered to the ground pattern of 
said printed circuit board. 25 

2. An RF-driven semiconductor device according to 
claim 1, wherein said outer leads are protruding 
outwardly from a pair of opposed side faces of said 
plastic package. 30 

3. An RF-driven semiconductor device according to 
claim 2 t wherein said solder portions are composed 
of a pair of opposed edge portions of the top face of 
said metal plate, said pair of opposed edge portions 35 
being uncovered with said plastic package and cor- 
responding to the other pair of opposed side faces 

of said plastic package unprovided with said outer 
leads. 

40 

4. An RF-driven semiconductor device according to 
claim 3, wherein said metal plate has an exposed 
portion uncovered with said plastic package at the 
back face thereof, said exposed portion extending 
continuously between a pair of opposed side faces 45 
of said metal plate corresponding to the pair of 
opposed side faces of said plastic package unpro- 
vided with said outer leads, said exposed portion 
and said solder portions each uncovered with said 
plastic package being contiguous to each other via so 
the pair of opposed side fades of said metal plate. 

5. An RF-driven semiconductor device according to 
claim 4, further comprising a covering member 
composed of a material having an excellent affinity 55 
for a solder material, said covering member cover- 
ing the exposed portion of said metal plate uncov- 
ered with said plastic package. 


6. An RF-driven semiconductor device according to 
claim 3, further comprising respective detachment 
preventing elements provided on a pair of opposed 
side faces of said metal plate corresponding to the 
pair of opposed side faces of said plastic package 
provided with said outer leads, said detachment 
preventing elements preventing said metal plate 

* from being detached from said plastic package. 

7. A semiconductor device according to claim 6, 
wherein said detachment preventing elements are 
composed of bending portions bending inside said 
plastic package. 

8. A semiconductor device according to claim 6, 
wherein said detachment preventing elements 
formed on thei side faces of said metal plate are 
composed of sloped faces downwardly tapered in 
cross section toward the back face of said metal 
plate. 

9. An RF-driven semiconductor device according to 
claim 1, wherein said outer leads are protruding 
outwardly from the four side faces of said plastic 
package and said solder portion is provided on at 
least one corner of the top face of said metal plate. 

10. An RF-driven semiconductor device according to 
claim 1, wherein said outer leads are protruding 
outwardly from the four side faces of said plastic 
package and said solder portion is provided on 
each of the four corners of the top face of said metal 
plate. 

11. An RF-driven semiconductor device, comprising: 

an RF-driven semiconductor chip; 
a metal plate having said semiconductor chip 
die-bonded thereto via a bonding material sup- 
plied to a back face of said semiconductor chip; 
a plastic package having said semiconductor 
chip and said metal plate molded therein; 
outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to a signal electrode of said semi- 
conductor chip; and 

a recessed portion formed in the periphery of a 
region of said metal plate to which said semi- 
conductor chip is to be die-bonded, said 
recessed portion accommodating said bonding 
material pushed out of the back side of said 
semiconductor chip. 

12. An RF-driven semiconductor device, comprising: 

an RF-driven semiconductor chip; 

a metal plate having said semiconductor chip 

die-bonded thereto via a bonding material sup- 
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plied to a back face of said semiconductor chip; 
a plastic package having said semiconductor 
chip and said metal plate molded therein; 
outer leads protruding outwardly from a side 
face of said plastic package and electrically s 
connected to a signal electrode of said semi- 
conductor chip; and 

a projecting portion formed on the periphery of 
a region of said metal plate to which said sem- 
iconductor chip is to be die-bonded, said pro- 10 
jecting portion preventing said bonding 
material pushed out of the back side of said 
semiconductor chip from flowing. 

13. An RF-driven semiconductor device, comprising: is 

an RF-driven semiconductor chip; 
a metal plate having said semiconductor chip 
die-bonded thereto via a bonding material sup- 
plied to a back face of said semiconductor chip; 20 
a plastic package having said semiconductor 
chip and said metal plate molded therein; 
outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to a signal electrode of said semi- 25 
conductor chip; and 

a recessed portion formed in said metal plate, 
said recessed portion having a plan configura- 
tion slightly larger in size than a plan configura- 
tion of said semiconductor chip, 30 
said semiconductor chip being die-bonded to a 
bottom face of said recessed portion formed in 
said metal plate. 

14. An RF-driven semiconductor device, comprising: 35 

an RF-driven semiconductor chip; 
a metal plate having said semiconductor chip 
die-bonded thereto via a bonding material sup- 
plied to a back face of said semiconductor chip; 40 
a plastic package having said semiconductor 
chip and said metal plate molded therein; 
outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to a signal electrode of said semi- 45 
conductor chip; and 

a projecting portion formed on said metal plate, 
said projecting portion having a plan configura- 
tion slightly larger in size than a plan configura- 
tion of said semiconductor chip, so 
said semiconductor chip being die-bonded to a 
top face of said projecting portion formed on 
said metal plate. 

15. An RF-driven semiconductor device, comprising: 55 

first and second RF-driven semiconductor 
chips; 


a metal plate having said first and second sem- 
iconductor chips die-bonded thereto via a 
bonding material supplied to respective back 
faces of said first and second semiconductor 
chips; 

a plastic package having said first and second 
semiconductor chips and said metal plate 
molded therein; 

outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to respective signal electrodes of 
said first and second semiconductor chips; and 
a recessed portion formed in the region of said 
metal plate interposed between a first region to 
which said first semiconductor chip is to be die- 
bonded and a second region to which said sec- 
ond semiconductor chip is to be die-bonded, 
said recessed portion accommodating said 
bonding material pushed out of the back side of 
at least one of said first and second semicon- 
ductor chips. 

16. An RF-driven semiconductor device, comprising: 

first and second RF-driven semiconductor 
chips; 

a metal plate having said first and second sem- 
iconductor chips die-bonded thereto via a 
bonding material supplied to respective back 
faces of said first and second semiconductor 
chips; 

a plastic package having said first and second 
semiconductor chips and said metal plate 
molded therein; 

outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to respective signal electrodes of 
said first and second semiconductor chips; and 
a projecting portion formed on the region of 
said metal plate interposed between a first 
region to which said first semiconductor chip is 
to be die-bonded and a second region to which 
said second semiconductor chip is to be die- 
bonded, said projecting portion preventing said 
bonding material pushed out of the back side of 
at least one of said first and second semicon- 
ductor chips from flowing. 

7. An RF-driven semiconductor device, comprising: 

first and second RF-driven semiconductor 
chips; 

a metal plate having said first and second sem- 
iconductor chips die-bonded thereto via a 
bonding material supplied to respective back 
faces of said first and second semiconductor 
chips; 

a plastic package having said first and second 
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semiconductor chips and said metal plate 
molded therein; 

outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to respective signal electrodes of 5 
said first and second semiconductor chips; 
a first recessed portion formed in said metal 
plate, said first recessed portion having a plan 
configuration slightly larger in size than a plan 
configuration of said first semiconductor chip; 10 
and 

a second recessed portion formed in said 
metal plate, said second recessed portion hav- 
ing a plan configuration slightly larger in size 
than a plan configuration of said second semi- 75 
conductor chip, 

said first semiconductor chip being die-bonded 
to a bottom face of said first recessed portion 
formed in said metal plate, 

said second semiconductor chip being die- 20 
bonded to a bottom face of said second 
recessed portion formed in said metal plate. 

18. An RF-driven semiconductor device, comprising: 

25 

first and second RF-driven semiconductor 
chips: 

a metal plate having said first and second sem- 
iconductor chips die-bonded thereto via a 
bonding material supplied to respective back 30 
faces of said first and second semiconductor 
chips; 

a plastic package having said first and second 
semiconductor chips and said metal plate 
molded therein; 35 
outer leads protruding outwardly from a side 
face of said plastic package and electrically 
connected to respective signal electrodes of 
said first and second semiconductor chips; 
a first projecting portion formed on said metal 40 
plate, said first projecting portion having a plan 
configuration slightly larger in size than a plan 
configuration of said first semiconductor chip; 
and 

a second projecting portion formed on said 45 
metal plate, said second proj ecting portion hav- 
ing a plan configuration slightly larger in size 
than a plan configuration of said second semi- 
conductor chip, 

said first semiconductor chip being die-bonded so 
to a top face of said first projecting portion 
formed on said metal plate, 
said second semiconductor chip being die- 
bonded to a top face of said second projecting 
portion formed on said metal plate. ss 
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